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STIT,ÍI'TAR\
The  rad i ca l  an ions  i n  TCNQ sa l t s  . t "  , " r r " t a l 1y  s tacked
in  cha ins ,  i so la ted  f ron  each  o the r  by  t he  d ia rnagne t i c  ca -
t i ons .  Consequen t l - y  t he  e lec t ron i c  sys tem rnay  be  rega rded
a s  o n e  d i m e n s i o n a l . O n e  o f  t h e  b a s i c  p r o b l e m s  i n  t h e s e  r n a -
te r i a l s  i s  t o  wh i ch  ex ten t  t he  va lence  e lec t rons  a re  co r -
reLa ted .  The  deg ree  o f  co r re la t i on  i s  de te rm ined  by  t he
r a t i o  o f  t h e  t r a n s f e r  i n t e g r a l s  a n d  t h e  e l e c t r o n  e l e c t r o n
i n t e r a c t i o n s . I n  t h e  F . S . R . - s p e c t r a  o f  s o n e  T C N Q  s a l t s
L ines  have  been  obse rved  wh ich  rnus t  be  a t t r i bu ted  to  t r i -
p l e t  exc i t ons ,  show ing  tha t  co r re la t i on  e f f eccs  a re  i r npo r -
t an t .  These  t r i pLe t  exc i t ons  nay  be  rega rded  as  bound  e lec -
t r o n - h o L e  p a i r s .
-  
ï n  c h a p t e r  I I I  t h e  e x c i t o n  t h e o r y  f o r  a n  a l t e r n a t i n g
cha in  o f  pa ramagne t i c  i ons  i s  deve loped ,  cak ing  i n to  aècoun t
onLy  the  e lec t ron  repu l s i on  when  two  e lec t rons  a re  on  the
sane  i on  [ t he  Hubba rd  app rox ina t i on ] .  On l v  one  hand  o f  t r i t i o n ) .  y  b  f  t i -
o b t a i n e d .  T h e  m e a n  s e n á r a t i o n  o f  t h el e t  e x c i t o n  s t a t e s  i s  p a i f  tp r l : ' s  r .  o
b o u n d  e l e c t r o n - h o l e  p a i r  d e p e n d s  o n  t h e  r a t i ó  o f  t h e  o n e
e L e c t r o n  b a n d w i d t h  ( Z t z )  a n d  t h e  o n - s i t e  e l e c t r o n - h o L e
i n t e r a c t i o n  ( I . p ) .  T h i s  r a t i o  n a y  b e  d e t e r n i n e d  f r o m  t h e
expe r i r nen ta l  d i po la r  sp l i t t i ngs ,  because  the  l a t t e r  a re
s e n s i t i v e  f u n c t i o n s  o f  t h e  n e á n  e l e c t r o n - h o 1 e  d i s t a n c e .
T h e . n a g n e t i c  s u s c e p t i b i l i t y  i s  d e t e r r n i n e d  b y  t h e  t r i p l e t
e x c i t o n s  r b u t  a l s o  b y  t h e  u n c o r r e l a t e d  e l e c t r o n s  a n d  h o 1 e s .
The  exc i t a t i on  ene rg ies  o f  t he  exc i t ons  and  the  e lec t rons
and  ho les ,  wh i ch  rnay  be  de te r rn ined  f ro rn  t he  con t r i bu t i ons
o f -  ! l r 9  t r i p l e t_  and  doub le t  s i gna l s  t o  t he  nagne t i c  suscep -t - i b i L i t y . a r e  a l s o  r e l a t e d  t o  t h e  t r a n s f e r  i n l e g r a l s  a n d  
'
t h e  o n - s i t e  e l e c t r o n  r e p u l s i o n .
T r i p l e t  e x c i t o n  l i n e s  h a v e  b e e n  d i s c o v e r e d  i n  t h e  E . S . R . -
s p e c t r a  o f  q u i t e  a  n u m b e r  o f  T C N Q  s a l t s  ( c h a p t e r  I I ) . T h e
s inp le  sa l - t s  Rb+TCNQ- ,  K+TCNQ-  and  ï , , l s * t i uq - ' have  bêen  s tu -
d ied  ex tens i ve l y .  The  expe r i r nen ta l l y  de te rm ined  d ipo la r
sp l i t t i ng  t enso rs  a re  p resen ted  i n  chap te r  IV  and  the  i n -
t ens i t y  da ta  i n  chap te r  V .  F ro rn  t he  anà1ys i s  o f  t hese  da ta
i n  t e r n s  o f  t h e  e x c i t o n  n o d e l  ( c h a p t e r  V I I )  i t  n a y  b e  c o n -
c l u d e d  t h a t  t h e  i n t r a - d i n e r  t r a n s f é r  i n t e g r a l  ( t r )  i s  o f
t he  sane  o rde r  o f  nagn i t ude  as  one  qua r te i  o f  t he  on -s i t e
e l e c t r o n  r e p u l s i o n  ( t l ) .  T h i s  n e a n s ,  t h a t  n e i t h e r  a  b a n d
theo re t i ca l -  t r ea t Í nen t  no r  a  l oca l i zed  e lec t ron  app roach( 1 i k e  t h e  H e i s e n b e r g  a n t i f e r r o n a g n e t  n o d e l )  i s  a i i f i c a b l e .
A  fa i r l y  conp le te  p i c tu re  o f  t he  dynan i cs  o f  t he  exc i -
tons r . ras obta ined f rorn the measurenents of  the tenDerature
d -ependence  o f  t he  l i new id ths  and  d ipo la r  sp l i t t i ng ;  i n
chap te r  V I .  The  exc i t ons  nove  fas t  ènough  to  ave rage  ou t
the  hype r f i nes t ruc tu re  a t  l ow  te rnpe ra tu ies  i n  nos t  cases .
In  TMB+TCNQ- ,  howeve r ,  t he  l i nes  à re  b road  and  the  w id th
i s  a n i s o t r o p i c . T h e  s l o w  n o t i o n  o f  t h e  e x c i t o n s  i n  t h i s  s a l t
i s  due  to  t he  dev ia t i ng  s t ruc tu re  o f  t he  cha ins  o f  TCNQ- -
i o n s .  T h e  d i n e r s  i n  t h e s e  c h a i n s  i n t e r a c t  o n l y  w e a k l y .
The  t r i pLe t  exc i t on  l i nes  a re  somewha t  b roadened  due
t o  j u m p i n g  o f  t h e  e x c i t o n s  b e t w e e n  t r a n s l a t i o n a l l y  i n e -
q u i v a l , e n t  c h a i n s ,  e x c e p t  w h e n  t h e  c r y s t a l s  a r e  o r i e n t e d
in  such  a  v tay  t ha t  t he  cha ins  a re  magne t i ca l l y  equ i va len t .
T h e  t r a n s v e r s e  j u n p i n g  r a t e ,  w h i c h  i s  p r o p o r t i o n a l  t o  t h e
b r o a d e n i n g ,  a p p e a r s  t o  b e  t e Í n p e r a t u r e  a c t i v a t e d .  T h e
b r o a d e n i n g  o f  t h e  l i n e s  a n d  t h e  d e c r e a s e  o f  t h e  s p l i t t i n g s
a t  h i g h e r  t e m p e r a t u r e s  a r e  c a u s e d  b y  e x c i t o n  e x c i t o n  i n t e r -
a c t i o n s .  T h e  t h e o r y  f o r  t h i s  b r o a d e n i n g  n e c h a n i s n  w a s
r e c o n s i d e r e d .  T h e  e x p e r i n e n t a l  l i n e w i d t h  d a t a  a g r e e  w i t h
the  theo ry ,  i f  t he  rno t i on  o f  t he  exc i t ons  a long  the  cha ins
i s  t e rnpe ra tu re  ac t i va ted  as  we11 .  The  the rna l l y  ac t i va ted
r n o t i o n  o f  t h e  e x c i t o n  i n d i c a t e s  t h a t  t h e  l a t t i c e  i s  1 o c a l -
1 y  d i s t o r t e d .  T h e  a l t e r n a t i n g  s t r u c t u r e  o f  t h e  T C N Q - c h a i n s
i n  t h e  g r o u n d  s t a t e  i s  s t a b i l i z e d  b y  e l e c t r o n  t r a n s f e r .  I n
t h e  e x c i t e d  t r i p L e t  s t a t e  e l e c t r o n  t r a n s f e r  i s  n o t  p o s s i b l e
and  the  d r i v i ng -  f o r ce  fo r  t he  d ine r i za t i on  i s  no t  p iesen t
anymore .
T h e  d e c r e a s e  o f  t h e  d i p o l a r  s p l i t t i n g s  a t  h i g h  t e n p e r a -
t u r e s  i s  a l s o  d u e  t o  e x c i t o n  e x c i t o n  i n t e r a c t i o n s .  A t  1 o w
te Ínpe ra tu res  ano the r  p rocess  i s  respons ib le  f o r  t he  t en -
p e r a t u r e  d e p e n d e n c e  o f  t h e  s p l i t t i n g s .  T h e  s e p a r a t i o n  b e -
tween  the  i ons  p robab l y  i nc reases  w i th  t enpe ra tu re ,  i n  a -
g reemen t  w i t h  t he  t enpe ra tu re  dependence  o f  t he  exc i t a t i on
e n e r g y  o f  t h e  t r i p l e t  e x c i t o n s .
.4 ,  La rge  number  o f  f i nes t ruc tu re  l i nes  a re  f ound  i n  t he
E . S . R . - s p e c t r a  o f  T M B + T C N Q - ,  a p a r t  f r o n  t h e  r e g u l a r  t r i p l e t
e x c i t o n  1 i n e s .  I n  c h a p t e r  V I I I  t h e s e  l i n e s  a r e  a t t r i b u t e d
t o  e l e c t r o n  t r a n s f e r  e x c i t o n s  a n d  e x c i t o n i c  m o l e c u l e s .
S t r o n g  e v i d e n c e  t h a t  b o u n d  e x c i t o n  p a i r s  g i v e  r i s e  t o  s o n e
o f  t h e  a d d i t i o n a l  l i n e s  i s , t h a t  t h e  d e n s i t y  o f  t h e s e  p s e u d o
p a r t i c l e s  ( d e t e r n i n e d  f r o n  i n t e n s i t y  n e a s u r e m e n t s )  i s  a p -
p rox ina teLy  equa l  t o  t he  squa re  o f  t he  dens i t y  o f  t he  règu -
l - a r  e x c i t o n s .
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